Background. Although chemotherapy added to rituximab is a standard of care for diffuse large B cell lymphoma (DLBCL), treatment of patients ≥65 years of age remains controversial due to comorbidities. Methods. This is a retrospective, comparative, nonrandomized study of patients ≥65 years of age, who were diagnosed with DLBCL but not previously treated. Demographic characteristics and comorbidities were analyzed. Three rituximab-containing treatment regimens (standard RCHOP, anthracycline dose-reduced RChOP, and RCOP) were compared. Descriptive analyses were conducted. Survival was calculated with the KaplanMeier method, and differences were compared with the log-rank test. Results. In total, 141 patients with a median age of 73.9 years were studied. The three treatment groups had comparable demographic characteristics. The overall response was 77%, 72.5%, and 59% in groups treated with RCHOP, RChOP, and RCOP, respectively. After multivariate analysis, the factors influencing the overall survival were the presence of B symptoms, poor performance status (ECOG ≥ 3), and febrile neutropenia. Factors influencing disease-free survival were febrile neutropenia, high-intermediate and high-risk IPI scores, and treatment without anthracycline. Conclusion. A higher ORR (overall response rate) was achieved with standard RCHOP, which influenced DFS and OS, although it was not statistically significant compared with the other groups. Interventional phase 3 trials testing new molecules in patients aged 70 to 80 years and older are required to improve the prognosis within this growing population.
Introduction
The prevalence of non-Hodgkin lymphoma (NHL) has increased in recent years, and it is now estimated to be the 12th leading cause of death among patients with cancer in the United States [1] . Diffuse large B cell lymphoma (DLBCL) is the most common lymphoid malignancy worldwide, with approximately 40% of cases occurring in patients over 70 years of age [2] [3] [4] [5] . The actual standard of care includes the anti-CD 20 monoclonal antibody rituximab in combination with chemotherapy [6] [7] [8] , in all age groups, including elderly patients. As shown in the randomized phase III trial by the Groupe d'Etudes des Lymphomes de l'Adulte (GELA) in patients aged 60-80 years, the combination of CHOP and rituximab was significantly superior to CHOP alone in terms of complete response rate and survival, without a clinically significant increase in toxicity [8] . However, in elderly patients, the presence of comorbid diseases, impaired bone marrow function, and altered drug metabolism may increase the number of treatment-related complications, as well as hospitalization and mortality rates. Frailty is a well-defined syndrome, a clinically recognizable state with increased vulnerability resulting from aging-associated declines in reserve and function across multiple physiologic systems [9] . To date, there has been no standardized consensus regarding the management of elderly patients with DLBCL, especially for the frail population. In fact, in its latest version, the NCCN proposed regimens with attenuated or complete elimination of anthracyclines as a first-line treatment for frail patients and those with poor left ventricular function [10, 11] . A lack of evidence of a standard treatment modality that should be considered in elderly patients in the presence of comorbidities was the motivation to conduct this retrospective study; the goal of the study was to determine whether standard RCHOP, reduced anthracycline RChOP, or RCOP could be preferred regimens for patients older than 65 years in terms of response, toxicity, and impact on overall survival.
Material and Methods
A retrospective, comparative, nonrandomized study was conducted to evaluate three treatments in terms of response, toxicity, relapse rate, and survival. The main objective of this study was to determine which of these treatments could be recommended for elderly patients, first in terms of overall survival (OS) and second in terms of toxicity and response rate.
The inclusion criteria were patients ≥65 years of age with a histologic diagnosis of DLBCL, who were treated at a single national reference institution (Instituto Nacional de Cancerología, Mexico) from January 2011 through January 2015. The Ethics Committee approved the review of clinical files.
Clinical characteristics included age, gender, comorbidities (diabetes mellitus, blood arterial hypertension, cardiopathy, history of hepatitis, and HIV status), and the presence of B symptoms.
Histological classification was performed by a Hans nomogram and was based on the expression of CD10, BCL6, and MUM1 as previously described [10] . Briefly, samples expressing CD10 (+) or CD10 (−), BCL6 (+), and MUM1 (−) were defined as the germinal center (GC); those with CD10 (−), BCL6 (−) or CD10 (−), BCL6 (+), and MUM1 (+) were considered as nongerminal centers.
All three treatment regimens were administered every 21 days as follows. Antiemetic therapy with 5HT3 antagonists was given with each cycle. Prophylactic granulocyte colony-stimulating factor (G-CSF) was not used routinely; in most cases, it was indicated for patients after developing grade III-IV neutropenia or febrile neutropenia.
RCHOP.
The response to treatment was evaluated using standard international criteria. For patients in whom PET-CT was performed before and after treatment, the Deauville criteria were used [21] ; in patients with increased glucose blood levels (>170 mg/dL) that contraindicated PET-CT, CT alone was performed, and the response was evaluated by the standard Cheson criteria [22] . Toxicity was assessed by the Common Terminology Criteria for Adverse Events, which is usually applied in hematooncology clinical trials (CTCAE, version 4.0) [19] .
Descriptive analyses were performed for demographic and clinical characteristics. The significant differences between groups were assessed with the chi-square test; k independent samples were used for categorical variables, and the Kruskal-Wallis test was used for quantitative variables with free distribution.
Survival was calculated with the Kaplan-Meier method and differences between subgroups were compared with the log-rank test. Cox regression analysis was used to identify the effect of treatment regimens and was adjusted by clinical characteristics of relapse rate and overall survival. A value of < 0.05 was considered statistically significant. All analyses were performed using STATA V.12.
Results

Demographics.
A total of 141 patients, with a median age of 73.9 y (range 66-81 y), were included. As shown in Table 1 , the patients were grouped by treatment regimen as follows: 53 (37.6%) patients received standard doses of RCHOP (Group A), 48 (34%) received a regimen with lower doses of an anthracycline (RChOP) (Group B), and 40 (28.3%) were treated without an anthracycline (RCOP) (Group C). When comparing demographic and clinical characteristics among the three groups, only a higher frequency (32.5%) of diabetes mellitus was documented in Group C ( = 0.042). No other significant difference was found among the 3 treatment regimens for the following variables: blood pressure, cardiopathy, left ventricle ejection fraction, hepatitis B or C, HIV status, the presence of B symptoms, clinical stages III-IV, and baseline performance status (evaluated by ECOG score). Most were considered as high-intermediate or highrisk (68%) according to the age-adjusted IPI scale.
Based on the histological classification, a higher proportion of the GC subtype was documented in RCHOP patients (54% versus 29.2% and 40% in RChOP and RCOP groups, resp.); this difference was statistically significant (see Table 1 ).
Response.
Overall response rate (ORR = CR + PR) was achieved in 77% ( = 41/53), 68.7% ( = 33/48), and 60% ( = 24/40) in Groups A, B, and C, respectively. Although ORR was higher in Group A, this difference did not achieve statistical significance, which could be due to the sample size in each group. 3.3. Toxicity. As shown in Table 2 , 52% ( = 28/53), 35% ( = 17/48), and 60% ( = 24/40) of patients treated with RCHOP, RChOP, and RCOP, respectively, did not experience severe toxicity. Myelosuppression was absent in approximately twothirds of patients; only 20.75% ( = 11/53), 20.8% ( = 10/48), and 22.5% ( = 9/40) of patients experienced myelosuppression requiring transfusion in Groups A, B, and C, respectively. Overall, the frequency of severe toxicity was similar in the three groups, although febrile neutropenia was more frequent in patients receiving either whole or reduced doses of anthracycline (20.6% ( = 12/53) and 22.92% ( = 11/48) for RCHOP and RChOP, resp.), when compared with the group without an anthracycline (10%, = 4/40); however, this was not statistically significant ( = 0.09).
Survival.
Median follow-up in the entire population was 19.9 months (7.16 and 33.26 months for the 25th and 75th percentiles, resp.). As shown in Figure 1 , higher disease-free survival (DFS) and overall survival (OS) were observed in patients treated with RCHOP. In this group, the median DFS and OS were not achieved. However, a median DFS of 21 and 18 months and median OS of 22 and 19.5 months were documented in the RChOP and RCOP groups, respectively. After analyzing only the subgroup of responder patients, DFS was similar among the three treatment groups; 75% of patients had no relapse at 17 months of follow-up (Figure 1(c) ).
Cox regression analysis was performed to determine the factors influencing OS and DFS. After the univariate analysis, these factors were as follows: ECOG ≥ 2, B symptoms, bulky disease, high IPI score, anemia (hemoglobin < 8 g/dL), elevated LDH, involvement of ≥3 extranodal sites, increased creatinine (>2 mg/dL), hypoalbuminemia (<3 g/dL), elevated beta-2 microglobulin, presence of infectious complications, required hospitalization, febrile neutropenia, and incomplete cycles of treatment. However, after the multivariate analysis, only the following factors remained significant for OS: ECOG ≥ 3, involvement of ≥3 extranodal sites, presence of B symptoms at diagnosis, febrile neutropenia, and incomplete cycles of treatment (see Table 3 ). Similarly, febrile neutropenia, incomplete treatment, and high-intermediate and high risk IPI score had also a negative impact on DFS in the multivariate analysis (see Table 4 ). Regarding the impact of treatment on DFS, if we include only those patients who achieved a response, the small number of relapses resulted in a broad IC in the HR (as shown in Table 4 ). However, after including relapsed patients and nonresponders in the multivariate model of DFS, the HR of RCOP versus RCHOP of 0.966 (95% CI 0418-2234) was close to the estimated OS. The small sample in each group could be a reason why none of the differences were statistically significant. 
Discussion
The study of cancer and aging is emerging as a critical issue in oncology. Patients with DLBCL vary in clinical presentation, prognosis, and response to current therapies. Treatment with RCHOP has been determined as the standard of care in prospective trials [8, 12] that included a minimal proportion of elderly patients; the inclusion of patients with comorbidities was also limited. Therefore, some authors have proposed attenuated immunochemotherapy regimens for such patients, either without an anthracycline [16] , a reduced anthracycline [13, 16] , or anthracycline and cyclophosphamide doses [14, 18] , or including pegylated doxorubicin [23] . In this series, 141 elderly patients with DLBCL were compared by treatment regimen. Several important points in this study deserve mention regarding the patients' characteristics. There were two differences in the patients' characteristics that could have negatively influenced the RCOP group. First, patients in this group were older and had a worse performance status as follows: 55% were ECOG > 2 compared with 28.3% and 29.5% in the RCHOP and RChOP groups, respectively. Second, a higher proportion of patients with type 2 diabetes mellitus ( = 0.042) was observed in the RCOP group (32.5%), followed by the RChOP (25%) and RCHOP (11.32%) groups. The presence of other comorbidities, cardiovascular diseases in particular, was similar between these groups of patients; similarly, ejection fraction did not differ between the groups.
The proportion of patients with a poor prognosis, defined by the IPI score in this age group, ranged from 21% to 69% in multiple series [11, 16, 18] . We found that 60% of our patients had intermediate-high and high scores according to this prognostic scale; the survival for high-risk patients at 3 years is 59%, and we documented median OS of 34.7, 29.9, and 24.7 months in Groups A, B, and C, respectively. Different authors have reported a better prognosis in the GC subtype of DLBCL. We documented more cases of germinal center subtypes in the RCHOP group, which may have influenced the better outcome of this group, although we should consider that this is a retrospective trial and that this variable was not considered when assigning treatment. Additionally, the higher frequency of GC subtype in this subgroup differs from the literature, as Mareschal et al. and Thunberg et al. [17, 20] , using expression profiling techniques, demonstrated that elderly patients (≥80 years) are more common in the "nongerminal center subgroup" (non-GC) versus germinal center (GC) in younger patients (50-59 years) ( = 0.02).
The comparative effectiveness of anthracycline-containing chemotherapy has been previously assessed by different authors [11-14, 16, 24, 25] , but there is little specific information regarding elderly patients, even less about the very elderly (80 years and older). Most studies, such as ours, were retrospective [11, 13, 16, 18, 23] and the majority of them included very few patients [13, 14] or are studies combining data from at least three or four centers. One of the largest studies is the one reported by Carson et al. [25] , who analyzed 476 patients who received RCHOP; only 42% received an anthracycline-based regimen, 18% received treatment without an anthracycline, and 40% received no systemic treatment at all, with a median overall survival of 28.1 and 13.1 months for patients receiving treatment with and without anthracycline, respectively. Our results documented a higher mean OS in patients receiving full-dose RCHOP, and, in fact, in this group median OS was not achieved. In contrast, those who received reduced-dose anthracycline (Group B) and no anthracycline (Group C) had median OS of 22 and 19.5 months, respectively. Table 5 compares our results to the response rates of retrospective series and prospective trials.
In terms of toxicity, the risk of myelosuppression and febrile neutropenia was decreased with the reduction of anthracycline [11] . In this study, the frequency of febrile neutropenia was 10% in patients treated without anthracycline, compared to 22% in both groups receiving doxorubicin. The frequency of transfusion requirements was similar between the three groups.
Although the ECOG scale may be useful for determining performance status in the general population, a geriatric assessment tool is recommended for elderly people. In the study of Spina et al., who classified patients into three different groups-fit, fragile, and unfit-the best responses were obtained from the fit and the fragile groups [26] . Most recent studies are conducted based on the main characteristics of the type of patients in an effort to have the most suitable therapeutic approach for each individual patient [12, 15, 24, 27, 28] . In this series, performance status had also a significant influence on OS.
Finally, this and most of the studies discussed in this paper are based on R-CHOP and CHOP-like regimens. We expect in the upcoming years that interventional phase 3 trials testing new molecules will focus on patients aged 70 to 80 years and older with the purpose of helping this growing population.
